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Introduction
The plastid envelope is a two membrane barrier surrounding the organelle. While the internal membrane System in plastids undergoes dramatical changes during the development of the organeile, the envelope is seen as a conservative structure throughout plastid development. Very little is known regarding the molecular changes in the envelope during development. The envelope membranes have important functions during plastid biogenesis as well as mediating metabolite flow between the organelle and the surrounding cell. The envelope is the sole site of many biosynthetic pathways essential for chloroplast biogenesis; e.g. galactolipids, which make up more than 80 % of the chloroplast lipids are made in this membrane. Further biosynthetic capacities in lipid metabolism include the synthesis of prenylquinones phosphatidylglycerol, sulfolipids and long-chain acyl-CoA. Other known properties of the envelope include such Polypeptides as a proteinkinase, ATP'ase, ATP-translocator and specific metabolite translocators (Douce et al., 1984) .
Although a large number of biochemical functions have been shown to reside in the envelope membranes, very few proteins have been identified, isolated and characterized. The quantity of purified envelope membranes available as starting material is very small and the purification of active enzymes from envelopes is hampered by the high lipid content of the membranes; the outer envelope contains about 75% lipids on a dry weight basis. Direct photoaffinity labeling technics are a powerful and sensitive tool to assign biochemical functions to Polypeptides. We used [cv-
P] ATP, CTP and UTP as well as [U-
14 C] labeled UDP galactose as direct photoaffinity probes. The results show specific protein labeling for each of the substances used and this should enable us to approach the purification of envelope membrane Polypeptides with greater ease. [a- 32 P] NTP's (400Ci/mmol) were from Amersham Buchler, Braunschweig. [U-
Material and Methods
14 C] UDP-galactose (250 mCi/mmol) was from New England Nuclear. All other chemicals were commercially available, of reagent grade and used without further purification.
Isolation of Chloroplasts and Chloroplast Envelopes
Intact, purified chloroplasts were isolated from two week old pea plants (Pisum sativum L., var. Golf) in low ionic strength buffer (Nakatani and Barber 1977) and further purified on silica sol gradients (Mourioux and Douce 1981) . Mixed envelope membranes were isolated on sucrose gradients after hypotonic lysis of chloroplasts (Douce et al., 1984; Cline et al., 1981) . Separation of inner and outer envelope membranes was achieved by hypertonic treatment of chloroplasts and rupturing of shrunken chloroplasts by a Dounce homogenizer. Membranes were separated on a sucrose gradient (Keegstra and Youssif 1986) .
UV Photoaffinity Labeling Experiments
Photoaffinity labeling of chloroplast envelope membranes was performed essentially according to (Yue and Schimmel, 1977) . Labeling was performed in 24 /d aliquots, containing 250 nM a-nucleoside triphosphates, 25 fig envelope protein, 10 mM Tricine-KOH (pH 7.9), 4mM MgCU, at 4 °C for 15 min. The mixture was placed in an Eppendorf tube and irradiated at a distance of about 3.5 cm with a Camag TL-900 UV lamp at 254 nm. UV treated membranes were centrifuged for 5 min at 15,000 g and washed twice with 10 mM Tricine-KOH (pH 7.9), 4mM MgCl2 and 0.5 mM of the respective unlabeled NTP's. Samples were further analyzed by SDSpolyacrylamide gel electrophoresis with a 7.5-15% linear Polyacrylamide gradient gel (Laemmli, 1970) . Following electrophoresis, gels were stained with Coomassie Brilliant blue, destained, dried and autoradiographed over night at -80 °C using an intensifying screen (Agfa-Gevaert MR 800).
Results and Discussion
Initial photoaffinity labeling experiments using 8-azidoadenosine [7-32 P]ATP and chloroplast envelope membranes showed a specific labeling pattern. Though experiments were done at 4 °C, labeling of a number of proteins was due to 32 P-transfer from the y-position of 8-azido-adenosine [y-32 P]ATP by the outer envelope bound protein kinase (Soll and Buchanan, 1983) , as detected when assays were done in complete darkness. Control experiments revealed that the envelope protein kinase had still about 50 % of its activity at 4 °C and about 15 % at -10 °C (assay in the presence of 40 % glycerol, Soll, 1985) . Furthermore it was not possible to eliminate labeling in the excess of nonradioactive ATP, thus showing that 8-azidoadenosine-ATP cross-reacted unspecifically in this complex assay system. Considering these results, it was decided to use [o> 32 P] ATP as the direct affinity reagent. Nucleoside triphosphates, and not only the azido Compounds are susceptible to UVradiation (Yue and Schimmel, 1977) and can be used directly as affinity label (Fig. 1) . Time course studies revealed that photolysis of the nucleoside triphosphates was slower than for the corresponding azido Compounds. Samples were irradiated for 15 min instead of 5 min for the corresponding azido Compounds to yield maximal cross-linking (not shown). The outer envelope membrane bound protein kinase activity was not altered by prolonged UV-radiation at 254 nm (60 min). When [a-32 P] ATP photoaffinity labeled membranes were analyzed by SDS-PAGE and autoradiography, envelope proteins with an apparent molecular weight of 75 kDa and 56 kDa were labeled to a significant extent (Fig. 1, 2, 3) . The appearance of labeled Polypeptides is completely dependent on radiation at 254 nm; no labeling occurs in dark controls (Fig. 1) . These results also demon- 
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Preincubation of the membranes with ATP prior to photolysis did not alter the labeling pattern. In this case the envelope membranes were pelleted and washed once after a 5 min treatment with 100/AM ATP (not shown). Envelope membranes solubilized in 0.6% Brij Wl and 0.3% N,N-dimethyldodecylamin-N-oxid prior to UV treatment showed the same affinity labeling pattern except for an additional band at about 105 kDa (not shown). We used very low concentrations of ATP (250 nM) in our experiments showing that the labeled proteins had a high affinity for ATP. Increasing the ATP concentration up to 1 fxM did not change the pattern of labeling (Fig. 2) .
Recently methods have become available to separate inner and outer envelope membranes (Cline et al., 1981; Douce et al., 1984) . When we compared the photoaffinity labeling profile of mixed envelope membranes to that of separated inner and outer envelope membranes it was possible to ascribe each labeled Polypeptide to either the outer or the inner membrane (Fig.3 , lanes F-G and Table 1 ). UV photolysis of [a-32 P]ATP labels many more proteins in the outer membrane than in the inner envelope membrane. The major band visible on the autoradiogramm could be aligned with a Coomassie Brilliant blue stained Polypeptide of 75 kDa molecular weight. This protein is predominantly confined to the outer chloroplast envolope. The second major labeled protein at 56 kDa could not be aligned to a Coomassie Brilliant blue stainable protein, but it was clearly distinguishable from the large subunit of ribulose-l,5-bisphosphate carboxylase, which has an apparent molecular weight of 54 kDa on SDS-PAGE (compare Fig. 3) .
ATP dependent protein phosphorylation of envelope membrane Polypeptides due to protein kinase activity has been reported recently (Soll and Buchanan, 1983; Soll, 1985) . As shown in Fig. 3 One of the major roles of the chloroplast envelope is its function in lipid biosynthesis; these reactions also require nucleoside triphosphates, e.g. the synthesis of CDP-diacylglycerol en route to phosphatidylglycerol from phosphatidic acid requires CTP. We tested CTP and UTP in the direct photoaffinity labeling approach with separated inner and outer envelope membranes (Fig. 4) . The labeling profile is proteins at 23 and 31 kDa like UTP but to a much lesser extent. Specifically marked are only two proteins in the inner membrane by CTP, namely at 90 and 48 kDa. The outer envelope does not show a specific labeling profile using [a-32 P]UTP, since most of it is probably due to contamination of the outer membrane by the inner envelope. This crosscontamination is generally between 5-10% and thus can account for the labeling intensity seen (Fig. 4) . In contrast, CTP almost exclusively labeled a protein at 48 kDa, thus showing that the CTP label in the inner membrane at 48 kDa is also most likely due to cross-contamination of the inner membrane by outer envelope ( Table 1) . CTP and UTP label two proteins of very similar molecular weight at 50 and 48 kDa, but they can clearly be distinguished by their size on SDS-Page and more important by their confinement to one of the two membrane ( Fig. 4; Table 1 ). Both labeled proteins are clearly different from the large subunit of ribulose-1,5-bisphosphate carboxylase oxygenase (compare Fig. 4) .
Galactolipids are the major structural lipids of all chloroplast membranes. UDP-galactose and diacylglycerol give rise to monogalactosyldiacylglycerol which can subsequently be further galactosylated by UDP-galactose to yield digalactosyldiacylglycerol. They are solely synthesized at the envelope (Douce et al., 1984) was used as photoaffinity marker for pea chloroplast envelopes (A) and for spinach chloroplast envelopes (B). Fig. 4 shows a fluorogram of a 7.5-15% SDS-PAGE which was exposed for 3 weeks (Bonner and Laskey, 1974) .
strated by using [U-
14 C]UDP-galactose as a probe. UDP-galactose is used only in a very limited number of enzymatic reactions in the envelope membrane. Hence it gave rise to a limited and distinct set of labeled membrane proteins at 31, 33, 35, 38 and 50 kDa in envelope membranes from pea and spinach chloroplasts (Fig. 5) . This labeling pattern is very different from those described for the nucleoside triphosphates ATP, CTP and UTP except that the 31 and 50 kDa proteins being labeled by UTP and UDP-galactose might be identical.
Conclusions
We have shown that direct photoaffinity labeling using nucleoside triphosphates as probes gave rise to specific and unique labeling of a very limited number of envelope Polypeptides. Direct photoaffinity labeling gave reliable and specific data in this complex assay system containing multiple components, lipids, pigments and Polypeptides. It is of much greater use in this complex membrane system than photoaffinity labeling Substrates containing bulky or highly reactive photolysable groups like azido residues. Each nucleosidetriphosphate gave rise to distinct labeled proteins in the inner and outer membrane. In our attempts to assign biochemical function to certain proteins and to purify functionally active enzymes from the envelope membranes, the above results can be taken as a starting point at which proteins to look at under given circumstances. Nucleotides have a multifunctional role in cellular metabolism. They serve not only as co-substrates in an enzymatic reaction but also have a regulatory function, in which in most cases they do not bind to the active site but to a regulatory site. Our experiments were not designed to resolve this question or to check for changes in certain enzyme activities; this has to await purification of the proteins in question. Photoaffinity labeling of an envelope protein has been used to identify an inner envelope bound NTP'ase after partial purification (McCarty and Selman, 1986 ). This NTP'ase has an apparent molecular weight of 37 kDa. A protein of similar molecular weight is labeled in our in situ experiments (Fig. 1) .
